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Abstract
We show that gauge-mediation and unified-supergravity give sufficiently firm and
different predictions for the spectrum of supersymmetric particles to make it possible
to discriminate the two scenarios even if the messenger mass is close to the unification
scale.
1 According to our present theoretical understand-
ing, the presence of supersymmetric partners of the
three generation of fermions has a very different im-
pact on flavour physics, depending on the relative order
of few fundamental high-energy scales. If the hard-
ness scale of the supersymmetry-breaking soft terms
(‘mediation scale’, MM) is higher than the hardness
scale of the standard Yukawa couplings (‘flavour scale’,
MF) or of the unification scale MU ≈ 2 · 10
16GeV, we
expect that the sfermion mass matrices contain new
sources of flavour and CP violation, most likely de-
tectable due to the heavyness of the top quark [1]. In
this case it is quite possible that the consequent ef-
fects, due to virtual sparticles exchanges, will be dis-
covered even before than the sparticles themselves. If
instead the supersymmetry-breaking soft terms are me-
diated at a lower scale where the flavour and unifica-
tion physics have decoupled, we expect that the only
flavour violation present at low energies is described by
the supersymmetrized extension of the standard CKM
matrix. In this case supersymmetric loops could give
non negligible contributions only to ‘standard’ flavour
and/or CP violating effects, mainly to the b→ sγ and
b→ sℓ+ℓ− decays [2] .
If this view is correct, the forthcoming experiments
about flavour physics should either discover some signal
(or combination of signals), thus giving a strong hint in
favour of the first scenario, or exclude new flavour and
CP violations up to a certain level, making the first sce-
nario less interesting. In any event, it is clearly useful
to have an alternative way of discriminating between
the two scenarios. If the mediation scale is sufficiently
low (MM<∼ 10
8GeV) the decay within the detector of
the lightest supersymmetric particle (LSP) into a grav-
itino would give such an incontrovertible signal. No
such a clean signal is present in the remaining range of
MM.
In this paper we want to show that, within reason-
ably minimal models, the spectrum of the supersym-
metric particles typical of the two scenarios is suffi-
ciently different that is possible to recognize which of
the two scenarios is actually realized, even if the medi-
ation scale gets close to the unification scale.
2 Both the two scenarios outlined above can be re-
alized in a clean and predictive way. The first case,
MM>∼ min(MF,MU), arises naturally if supergravity
interactions mediate the soft terms [3]. In this case
the hardness scale of the soft terms, MM, is the re-
duced Planck mass. Low energy physics suggests that
the field theory at this high scale has a unified gauge
group, G ⊇ SU(5) ⊃ SU(3)c ⊗ SU(2)L ⊗ U(1)Y , so
that the sparticle masses are subject to unification re-
lations. Neglecting, for the moment, SU(5)-breaking
effects, unified supergravity predicts
M5 = Mi(MU) (1a)
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Figure 1: Correlations (M3/md˜R ,M2/mL˜) as predicted by unified supergravity (continuous line) and gauge-
mediation (dashed lines) for different values of the messenger scale and of the parameter η, defined in (2). We
have employed α3(MZ) = 0.118. The supergravity and gauge-mediation predictions with MM = 10
15GeV are
also shown for α3(MZ) = 0.125 (lower lines). In the shaded area it is possible to observe the clean signature of
LSP decay. The dotted line refers to a non minimal unification model, as discussed in the text.
m5¯ = mL˜(MU) = md˜R(MU) (1b)
m10 = me˜R(MU) = mQ˜(MU) = mu˜L(MU) (1c)
where Mi(MU) are the three gaugino mass parameters
(i = 1, 2, 3 runs over the three factors of the SM gauge
group) and mf˜ (MU) are the soft mass terms for the
sfermions f˜ , all renormalized at the unification scale
MU. Unacceptably large flavour violations are avoided
if the sparticles of the first generation are degenerate
with the corresponding ones of the second generation
at a level that, for our present purposes, can be consid-
ered perfect. For the purposes of this paper, the third
generation sparticles are less interesting because their
unification relations are easily broken [4] and corrected
by not sufficiently controlled RGE effects [5].
Also the second scenario, MM < min(MU,MF),
arises naturally if the soft terms are communicated
by the standard gauge interactions at some ‘media-
tion scale’MM, lower than the unification scale
1, where
some charged ‘messenger’ superfields feel directly the
1 If the gauge group at this scale is unified, or partially unified,
new sources of flavour and CP violations are again present in the
supersymmetry-breaking soft terms.
breaking of supersymmetry [6]. In this case the spec-
trum of the supersymmetric particles is mainly deter-
mined by their gauge charges. More precisely, in a
large class of minimal models the prediction for the
soft terms, at the messenger mass MM, can be conve-
niently parametrized as
Mi(MM) =
αi(MM)
4π
M0, (2a)
m2R(MM) = η · c
i
RM
2
i (MM), (2b)
where mR are the soft mass terms for the fields
R = Q˜, u˜R, d˜R, e˜R, L˜, h
u, hd,
and the various quadratic Casimir coefficients ciR are
listed in table 1. Here M0 is an overall mass scale
and η parametrizes the different minimal models. For
example η = (n5 + 3n10)
−1/2 in models where a gauge
singlet couples supersymmetry breaking to n5 copies of
messenger fields in the 5 ⊕ 5¯ representation of SU(5)
and to n10 copies in the 10 ⊕ 10 representation [6, 7,
8]. Values of η bigger than one are possible if more
than one supersymmetry-breaking singlet is present,
since an R-symmetry can suppress the gaugino masses
with respect to the scalar masses [6, 7, 8]. We will
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Figure 2: As in fig. 1, except that we plot the correlations (M3/mu˜R ,M2/me˜R) involving masses of sparticles
unified in a 10 of SU(5).
not employ the additional prediction that the A-terms
vanish at the messenger scale.
Gauge-mediation models have the generic problem
that gauge interactions alone cannot mediate the ‘µ-
term’, as well as the corresponding ‘B · µ-term’, since
these terms break a Peccei-Quinn symmetry. Since the
unknown physics required to solve this problem may
easily give rise to unknown non minimal contributions
to the soft terms in the Higgs sector [9], we will con-
centrate on the safer predictions for sfermion masses.
3 The two scenarios do not differ in their predictions
for gaugino masses. We now show that these scenarios
give instead sufficiently different predictions for some
scalar masses2. The main feature at the basis of this
fact is that, even for a messenger scale close to the unifi-
cation scale, only the MSSM gauge bosons are relevant
for mediating supersymmetry breaking. As a conse-
quence, the Casimir coefficients are different for par-
ticles coming from the same unified representation, so
that the gauge-mediated spectrum is not unified even
when the messenger mass is close to the unification
scale.
2Similar analyses have been done in ref. [8, 10] under stronger
assumptions, like a universal supergravity spectrum at the unifi-
cation scale or a low messenger mass, and neglecting non minimal
contributions to the gauge-mediated spectrum.
To illustrate this fact in approximate analytic form,
we recall the well known relations between the soft
terms at the Fermi scale (as obtained by one loop RGE
rescaling [5] down to Q ≈ 400GeV) predicted by uni-
fied supergravity [11]:
m2
d˜R
− 0.69M23 = m
2
L˜
, (3a)
m2u˜R − 0.75M
2
3 = m
2
e˜R , (3b)
with M2 ≈ 2M1 ≈ 0.3M3. A third less useful relation
could be used to substitute the u˜R squark with a u˜L
or d˜L one.
By similar rescaling, from the initial condition (2),
the corresponding prediction of gauge mediated models
are quite different, even if the messenger scale is very
high, MM = 10
15GeV:
m2
d˜R
− 0.63M23 = 1.9m
2
L˜
, (4a)
m2u˜R − 0.73M
2
3 = 4.8m
2
e˜R . (4b)
In order to be more general, to include subdominant
corrections and to give a more intuitive view of their
difference, we compare the predictions of the two sce-
narios in figures 1 and 2 in the full parameter space. In
figure 1 we show the different predictions of the two sce-
narios for the combined mass ratios (M3/md˜R ,M2/mL˜)
involving sfermions unified in a 5¯ of SU(5). In figure 2
3
we show the mass ratios (M3/mu˜R ,M1/me˜R) involv-
ing sfermions unified in a 10 of SU(5). The gaugino
mass parametersMi are of course again related among
themselves and we have varied the ratio between gaug-
ino and scalar masses in a reasonable range3, as indi-
cated in the plots. As anticipated, the difference be-
tween the predictions is not unobservably small, even
for MM = 10
15GeV.
In our plots we have included 2-loop RGE effects [13]
and threshold corrections at the electroweak scale, com-
puted in logarithmic approximation [14]. These effects
give a shift of the predictions that, in the plots, is at
most 20% of the ‘distance’ between the two more sim-
ilar cases of supergravity and gauge-mediation with
MM = 10
15GeV. Furthermore, the shift is almost
equal for the two analogous spectra.
We have preferred to plot the gaugino and scalar
mass parameters commonly used to parametrize the
sparticle spectrum rather than the physical masses of
the same particles. With this choice, each plot covers
practically the fully general dependence on all the su-
persymmetric parameters, i.e. the predictions are prac-
tically independent on the other supersymmetric pa-
rameters that do not appear in the plots (the µ term,
the overall scale of supersymmetric particles, tanβ,
etc.). More precisely, these variables affect our plots
only through two loop RGE effects and threshold cor-
rections. Since it is conceivable that also these param-
eters will be measured, we have not included the rel-
atively small uncertainties associated with their varia-
tions. Rather we have assigned fixed reasonable values
to these parameters, as we now discuss in some detail:
• As said, we have not plotted sparticle pole masses.
For example mu˜R is the soft termmu˜R(mu˜R). To
compute the physical masses one has to add the
well known SU(2)L⊗U(1)Y -breaking effects, that
depend on tanβ, and the known full one-loop ef-
fects, that give up to 10% corrections [15]. With
this choice our plots are valid for any moderate
value of tanβ (we have used tanβ = 2)4.
• The overall scale of sparticle masses has been
fixed by choosingM3 = 500GeV. Any other rea-
sonable value of this measurable parameter gives
a shift comparable to the uncertainty associated
with the experimental error on α3, as discussed
below.
3In the supergravity case the sfermions of first and second
generation could be much heavier than the other sparticles [12].
This feature alone would allow to recognize the scenario, so that
our plots do not cover this case.
4A small dependence of our plots on tanβ arises due to a
two-loop RGE correction δm2
R
∝ YRg
2
1
λ2
t
(λt = mt/(v sinβ)).
i cQi c
uR
i c
dR
i c
L
i c
eR
i
1 1
30
8
15
2
15
3
10
6
5
2 3
2
0 0 3
2
0
3 8
3
8
3
8
3
0 0
Table 1: Values of the Casimir coefficients for the
MSSM fields. The coefficients chui and c
hd
i are equal
to cLi .
• In the supergravity case, the mass ratios in fig.s 1,
2 depend on the ratio m5¯/m10 only via numeri-
cally irrelevant two loop and threshold effects at
the electroweak scale. In any case we have chosen
m5¯ ≈ 1.3m10 in order to obtain a slepton mass
ratio similar to the one predicted by the high-MM
gauge-mediated scenario.
Moreover, we have assumed that the (again irrel-
evant) masses of third generation sfermions are,
at the unification scale, 50% smaller than the cor-
responding ones of the other generation, as sug-
gested by RGE effects above the unification scale.
We have set all the A-terms at zero at the unifi-
cation scale. In principle, only the stop A term,
At, could be relevant for our purposes. In prac-
tice, the induced effects (via two loop RGE and
via threshold effects) are again negligible5.
• In the gauge-mediation case, we have neglected
(computable) ‘threshold’ corrections at the mes-
senger scale. We expect that these corrections be
important only in the case of light messengers,
i.e. when the difference with the unified super-
gravity scenario is large anyhow.
• The experimental error on the strong coupling
constant, that induce large RGE effects, is suffi-
ciently small for our purposes. The predictions
have been plotted for α3(MZ) = 0.118. To ap-
preciate the impact of this uncertainty, we have
also plotted the predictions of supergravity and
of gauge-mediation with a very high messenger
scale, MM = 10
15GeV, for a somewhat higher
value of α3, α3(MZ) = 0.125, favoured by unifi-
cation.
• In both the minimal models considered, the Higgs
masses are expected to give a non zero contribu-
tion to
XY ≡ Tr YRm
2
R = (m
2
hu −m
2
hd) + · · ·
5 Even a very large At does not induce significant effects,
because At is driven towards its infrared fixed point, where At ≈
2M2.
4
that, via one-loop RGE effects, induces a ∼ 5%
correction to the sfermion masses, proportional
to their hypercharges Y . We postpone a discus-
sion of this more dangerous correction to the next
section, where we will consider non minimal ef-
fects that could affect the predictions (1) and (2).
Finally, as pointed out in ref. [7], we also notice that
the mass ratios under consideration have a moderate
sensivity to the ‘minimal gauge-mediation’ parameters,
MM, η, and can thus be employed for determining their
values.
4 We now discuss how non minimal contributions to
the soft terms could affect the picture described above.
As anticipated, we expect that in both scenarios the
scalar masses receive a ∼ 5% correction induced, via
RGE effects, by different boundary conditions for the
Higgs masses, mhu 6= mhd . In the case of gauge-
mediation models, such a correction could be much
larger. In fact the U(1)Y gauge interactions can me-
diate, at one-loop, a very large contribution to the
squared scalar masses m2R, proportional to the hyper-
charge YR [6]:
δm2R = ηη
′YR
α1(MM)
4π
M20 . (5)
Since this term is not positive defined, and consequently
potentially dangerous, it is necessary to suppress it by
some symmetry. This happens if the messengers be-
long to a full degenerate SU(5) multiplet, (Tr Y = 0
over a full SU(5) representation [6, 16]) or if the mes-
sengers appear in a vectorlike R ⊕ R¯ representation
of the gauge group with a symmetry under R ⇀↽ R¯
(YR + YR¯ = 0 [6, 9]). Even in these cases, however,
small threshold corrections at the unification scale that
break these symmetries could result in significant con-
tributions to the sfermion masses.
To understand the impact of this correction, let us
consider the two different possible tests able to discrim-
inate the two scenarios. For the sake of the argument,
let us also assume that the new correction (5) mainly
affects the lighter slepton masses, so that the predic-
tions plotted in fig.s 1 and 2 are shifted vertically by
some unknown amount. However, since the L˜ and e˜R
sleptons have hypercharges of opposite sign, this shift
will reduce the separation between the two scenarios in
one of the two tests, but will increase the separation
in the other one. To be more specific, let us assume
that a positive contribution to the right-handed slepton
masses in the gauge mediation scenario (as favoured
by naturalness considerations [17]) makes to vanish the
separation between the continuous and the dashed lines
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Figure 3: As in fig. 1, but in the limit where, due
to the correction (5), gauge-mediation and unified-
supergravity predict an identical spectrum for the
sfermions unified in the 10 of SU(5).
in fig. 2 (this happens at η′ ≈ 0.015). In this case the
separation in the other plot increases up to the level
shown in fig. 3.
In summary, even in presence of a large correc-
tion (5), one combination of masses allows to discrim-
inate between the two scenarios whereas another one
allows, in principle, to measure the extra unknown con-
tribution (5) proportional to the hypercharges.
To conclude, we now discuss how firm are the uni-
fication relations (1) upon which our analysis is based.
The unification relation between the gaugino masses
(1a) is easily corrected by the same corrections that
smear the unification prediction αi(MU) = α5(MU).
However, apart for small effects [18], the corrected uni-
fication relation for gaugino masses,
Mi(just below MU) ∝ αi(just below MU),
(that we have in fact used in our plots in place of (1a))
is very stable (up to few % [18]). Larger corrections
are present only in special circumstances (if there are
many particles with mass around the unification scale,
or if they have much larger soft terms than the MSSM
fields) [18].
The scalar mass relations, (1b) and (1c), could be
upset if a SU(5)-breaking field mixes the matter 5¯⊕ 10
5
fields with other representations, in such a way that
the light fields do not originate from the same unified
multiplet. A large mixing is however theoretically dis-
favoured, since the additional flavour structures neces-
sary to realize it, easily produce unacceptable flavour
and/or CP violating effects at low energy (appropriate
symmetries could avoid this conclusion). Barring these
mixing effects, the soft masses of the sfermions of 1st
and 2nd generation with negligible Yukawa couplings
are subject to threshold corrections, which are again
controllable via the corresponding effects in the gauge
couplings. In particular the corrections to unification
of sfermion masses (1b,c) are small in models that pre-
serve the successful GUT prediction of gauge coupling
unification.
As a significant example of these facts, we can con-
sider an interesting model with large ‘threshold’ cor-
rections with respect to ‘minimal’ unification, that still
gives rise to a successful unification prediction for the
gauge couplings. In unified models derived from per-
turbative string theory [19], the adjoint of SU(5) that
breaks SU(5) to the standard-model gauge group has
a flat potential, so that its fragments not eaten by the
vector bosons do not get a mass at the unification scale.
If, for some reason, these chiral supermultiplets with
the same gauge charges of the SM gauge bosons get
mass at an intermediate scale around 1013GeV, the
gauge couplings unify close to the Planck scale [20].
We see that the predictions of this model for the scalar
masses (dotted lines in fig.s 1 and 2) do not significantly
differ from the minimal unification scenario (continu-
ous lines).
5 In conclusion we have shown that the predictions
for the sparticle spectrum of gauge mediated and unified-
supergravity scenarios, as obtained under rather gen-
eral conditions, are sufficiently different to allow the
discrimination between the two scenarios, provided that
the sparticle masses, or rather the appropriate ratios
of sparticle masses, are measured with sufficient pre-
cision. If supersymmetric particles are discovered, it
is conceivable that such measurements will be done at
the next generation of accelerators, supplementing the
data obtainable at the hadron collider LHC [10, 21],
with those obtainable at an e−e+ linear collider [10].
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